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Use of adsorption thermal storage for conservation and
reuse of energy at living homes
Mark Culaj
UBT – Higher Education Institution, Lagjja Kalabria, 10000 p.n.,
Pristina, Kosovo

Abstract. Use of zeolite type of long term thermal storage and reuse of energy at our homes.
The goal is to create future completely self-sufficient energy independent living homes and
residential buildings. Integration of heating cooling and refrigeration for everyday use by
lowering energy waste and increase of overall energy efficiency management. Description of
idea of integration of three household appliances, air conditioner, refrigerator and water heater,
into unique system
without need of thermal energy irradiation into external ambient. Conservation of thermal
energy during hot summer and reuse of such energy for heating on days with low temperature.
Keywords: Energy conservation, adsorption heating, thermal long term energy storage, energy
efficiency.Use of adsorption thermal storage for conservation and reuse of energy at living
homes

Introduction
Today we abuse in use of energy and especially in reuse. We don't learn from nature and the
way how living beings consume resources with high efficiency. Goal of this paper is to
demonstrate practical way of energy management and storing for reuse at living houses and
residential buildings.
Three main household appliances at our homes are air conditioning (cooling and heating),
refrigerator and water heater. All of them use more than 80% of total energy consumption at
our living house. Today we pump thermal energy from inside of refrigerator and dissipate this
energy into house air volume than we take this heat from internal ambient and expel it with air
conditioner into outside environment. In such way we create thermal waste increasing street
temperature in cities that is becoming serious problem during hot summer months. Not less
important that this external units generate heat pollution they are visually unpleasant.

Photo of buildings in center of Prishtina. Circled are external air condition units
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The main problem is energy storage. Typically water boiler of 80 liters consume 5 kWh and
depending on insulation quality lose 75% of stored thermal energy in 48 hours. The main idea
here is to unify refrigerator, air conditioner and water heater into unique device equipped with
thermal storage that allows energu reuse.

Thermal storage
Long term thermal storage was not feasible because of thermal losses. Because of
second law of thermodynamics the sum of entropies in the interacting systems increases. With
discovery of adsorption thermal storage and specially zeolite ability to store thermal energy at
room temperature new ways are opened. Zeolite pellets can store thermal energy for long time
without dispersion. On other side this kind of storage has very high heat capacity, four time
more than water. (Scapino, Zondag, Bael, Diriken, & Rindt, 2017) (Energy, 2015) Water has
one of the highest specific heat capacity 4.2 kJ/kg/oK and for zeolite this is around 16 4.2
kJ/kg/oK.

Proposed solution
Idea is to integrate solar thermal collectors, photovoltaic panels and air compressor with
specially built refrigerator and zeolite adsorption thermal storage presented on schematics in
Figure 3.
Solution is based on vortex tube known as Ranque-Hilsch vortex tube invented in 1931 and is
used in industry for cooling and heating using only compressed air. Vortex tube is not used in
refrigeration because has lower performance and efficiency than standard solution based on
fluid evaporation.

Principle of vortex tube functioning (Wikipedia public domain picture)
In this paper we will not concentrate on explanation how vortex tube works because it is
explained in many sources and books. (Vortex tube, n.d.)
The presented solution overcome lower efficiency of vortex tube because in this case booth
functions (cooling and heating) are used. Cooling for refrigerator and air conditioner on one
side and heating for water heater and thermal storage on other.
In our solution compressed air is created with electric motor and Tesla turbine. Choosing this
solution eliminate need for additional air compressor. Vortex tube separates hot and cold air. Hot
air is used to regenerate (thermally charge) zeolite and cold air goes to refrigerator and air
conditioner.
Exploded view of modified vortex tube with BLDC Motor and Tesla turbine is presented on
Figure 1. (This picture is original work and can be published only with copyright notice
referring to this paper.) Solution with BLDC Motor and Tesla turbine gives optimal results with
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small dimensions and low noise because the system works at very high speed of 60 to 120
thousand rpm.
Modified vortex tube is inserted into drum (Figure 2) which hosts inside zeolite pellets and heat
exchange tubes. This drum rotates slowly powered with small electric motor to achieve zeolite
pellets mixing to maximize heat exchange. Tubes for heat exchange are connected to hot water
installation used also for house heating with standard floor or radiator installation. Excess of
heating goes to seasonal heat storage and can be conserved for indefinitely long period of time.

Figure 1

Figure 2
A solution for typical living house use combined system with solar thermal collector 2.5 kW,
solar photovoltaic panels 2.5 kW and battery in range from 6 to 10 kWh storage capacity with
corresponding inverter 2.5 kW. Seasonal storage capacity is scaled depending on climate zone
and efficiency of building insulation. From 2 to 5 vortex tubes with drums can be used in
normal house where minimum one is used for refrigerator and at least one for air conditioner.
All energy in excess will be stored in seasonal storage and all system can be connected to smart
home equipment and control.
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Figure 3
Figure 3 represents schematic view of described system of energy management and Figure 4
shows the integration in energy efficient home building. The solar photovoltaic system is
optional and will not be described in this paper.

Figure 4

Conclusions
Constructing more efficient building is not only trend but is a must. Humanity on developed
countries is going toward self-sufficient buildings that generate all energy they need. Today we
are using more energy that is needed and we produce this energy on big plants consuming oil,
gas, coal or nuclear fuel with big impact on climate changes and global warming. The main
problem today is that systems that efficiently use adsorption zeolite thermal storage are complex
and not yet developed. The second problem is the cost of zeolite that is around 2$ per kilogram.
This paper is just a small step in direction to achieve the goal of 2000 W consumption per capita
which is 48 kWh daily. (Wilke, Papadopoulou1, & Robinson, 2011)

45

References
1.
2.
3.
4.

Energy, U. D. (2015). A Common Definition for Zero Energy Buildings.
Scapino, L., Zondag, H. A., Bael, J. V., Diriken, J., & Rindt, C. C. (2017). Sorption heat
storage for long-term low-temperature applications. Applied Energy, 920-948.
Vortex tube. (n.d.). Retrieved from https://en.wikipedia.org/wiki/Vortex_tube
Wilke, U., Papadopoulou1, M., & Robinson, D. (2011). Towards a 2kW City - the case of
Zurich. World Renwable Energy Congress 2011 - Sweden. Linkoping: Sustenable Cities
and Regions (SCR).

46

The performance of the renewable energy sources in the
power distribution systems – case study
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Abstract. Renewable energy resources, among other things, play a significant role in the safe
and clean supply of electricity consumers. Also, their impacts are reflected in the proper
functioning of the transmission, generating and distributing system. Their integration into the
topology of power systems and balance between production and consumption, also planning
requires a detailed analysis so that the energy balance to be under allowed limits and has no
consequences in impairing the safety margin of the power system parameters. For this, analysis
and study coincide with the analysis of the indicators and their performance on the integration
of these resources into a power system by building a structure and combining the hybrid variety
of these resources. Thus, the study deals with some aspects of the analysis of the parameters of
these sources into the power system, respectively in the one substation and performances of
the electrical parameters.
Keywords: Power system, renewable energy, solar and wind energy, energy balance,
production and consumption, electric substatation.

Introduction
Renewable sources in the power system play a very significant role, affecting the supply of
clean energy to consumers, as well as their positive environmental impacts. Given the European
policies for meeting the standards for renewable energy production, then the need for
discussion and treatment in this area relies on the capacity of each country to achieve its
objectives.
Another aspect of renewable resources is their treatment in terms of the performance of their
parameters. Given that many factors are reflected in the performance of reproductive systems in
the first place are climate factors and then their impacts on energy balance. But, of course, they
also have other negative impacts, such as the unexpected power flows they produce, the
harmonics, which are reflected in the quality of the voltage and system parameters respectively
and the frequency of the system. In the case study, performance indicators of some types of
renewables are shown, such as wind and solar.

Renewable energy sources and power systems
Renewable sources in the case study, such as water, wind and solar constitute a diversity in
clean energy. Therefore, the construction of these concepts and their treatment for the proper
functioning of the power system constitutes a good basis for evaluation.
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